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Photodynamic Notes, V111. 


Carle Chase, LL.l). 


(Head, before the American Philosophical Society, May IS, 1883. ) 

376. Virials. 

The theory of the viriai. or mean q%b rim during stationary motion - n 

ables us to coordinate all forms of cyclical motion : rotary, orbital and os¬ 

cillatory. The grandest manifestations of thi Irial, which are given in 

Chi »11 

oosmical motion, must, be governed by the same laws as govern molecular 
movements. The complete development, of the theory should, therefore, 
remove all the obscurity which still clings to the doctrine of radio- 
dynamic unity. Th< science of comparative kinetics is greatly indebted 
to Clausius, for his presentation of the theory, for the consequent simpl'n 
itv which it introduces into the solution of problems which would other- 

wise be exceedingly complicated and for the facility of explanation* which 
it gives for methods which are substantially the same, but which, on ac¬ 
count of their novelty, have been often misunderstood. 

377, Vi rial Postulates. 

My photodynamic and other physical researches have been rewarded 
by a great, number of oosmical illustrations of virial elliciency, which are 
based upon the following postulates: 

1 That oosmical masses represent, internal energies, such as would be 
found if they were condensed from some primitive tenuous, elastic form 
of matter. 

•j. That all chemical el< ten ts may have been condensed* in lik< manner* 

from a single primitive element or fiOthcr. 

3. That the velocity which enters into the primitive radial virial of the 
oscillating set.boreal particles is the velocity of light (».). 

A 

4. That the stationary motions of central inert masses, which represent the 
equal actions and reactions ol primitive and derived virials should continue 
until the velocity of the primitive virial lias been alternately acquired and 
lost. 

5. That, all stationary motions which represent, equal actions and reac¬ 
tions should be harmonic. 

378. Stellar Virials. 

Solar or Stellar centres of planetary systems are central inert masses 
(Post. I), which are endowed with velocities of stationary motion, tend¬ 
ing lo give velocities of stationary revolution, sending forth id. he real oscil¬ 
lations with the velocity of light (Post. 3) and representing internal energies 

pse th ' 1 which would spring from nebular condensation (Post. i). Their 

central stationary motions should, therefore, be cyclically determined by 
the alternate acquisition and exhaustion of the radial velocity of light 
(Post. 1). Jlersehel ( Outlines of Astronomy, Scot 300) discoursed elo- 
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quontly on the Sun’s rays as “ the ultimate source of almost every motion 
which takes place on the surface of the earth.” We may, therefore, rea¬ 
sonably look to them lor evidences of virial efficiency, in various tonus, 
which will furnish satisfactory proof of radiodynamic unity. 

879. Equal Virial Action ami Reaction. 

Circular orbital velocity which is due to solar action may be represented 
by the equation 

- 1 

1) = i/?7.?’., 
ii v U n' n 

The limiting value of ?\, which it. cannot exceed, is found at Sun's sur- 
(ace (■/•„), where r/„ is a maximum. It may be represented by 

Ool=t /itJ, 2 - 

The third and fourth postulates lead to the equation 

This equation should hold good for all values ofr in an expanding or con¬ 
tracting nucleus, inasmuch as // varies inversely as r' and the principle of 

conservation of areas requi that the time of rotation should vary direct 

ly as r l . The product of the two factors should, there fore, be constant. 

880. Numerical Verification. 

Taking Sun’s semi-diameter (?’ 0 ) as the unit of length, and the British 

Nautical A.1maxmo < imatt of Sun’s apparent semi-diameter (961. ^ > 

the parallactic unit* we flud, for Earth’s semi-axis major 

=214.45?’! 4. 


n 


o 


Barth’s mean orbital velocity (I) may be found by dividing 2 ro by the 

• 3 

number of seconds in a year (81558149). This gives 

«-=. 0000001990099 «. 5 . 

4 i 3 

This value varies slightly with varying orbital eccentricity. The great¬ 
est .secular range of variation, however, is less than ^ of one per cent. 

Circular orbital velocity varying inversely as the square root of the 
radius-vector, we find (2), (4), (5) 


| <5j=. 000002915fl3 / i=.000G25255r o 
a =.0000008909445?’ 

ij 0 O 

Struve’s constant of aberration gives, by (8) and 


0. 


=(/ / =214.457*-T-497.827=*.480772?',, 

\ ti 0 O 0 o 

/ 0 =L 10187(5 sec.=12.758 days 
This gives for a double oscillation, of complete rotation ot Sun, 25.506 

days, faiplace’s estimate was 25.5 days. The motion of sun spots near 
t he equator is accclcrated by centrifugal force, tendencies to orbital velocit y, 
“ repulsion,” or some oilier unknown influence. SpOrcr’s formula gives 
24.02 clays for the period at the equator, where no spots have ever been 
observed. His third estimate, for 1800, was 25.281 days. 




881. Virials of Rotation. 

The rotating {ethereal tendency of stationary motion, which 
I* not?, a m eh. rmiais. soc. xxi. 111. r. rruNTico jui v i (> , 


is limited 
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by equations (2) ami (8), gives the following value for the limiting radius 

({>) of orbital and ethereal tendencies : 


r 


I v 

A v — ,« \ I .► 

r , 0 — A \ — 

L ® 0 1 <Jo 


10 . 


Laplace’s limit ( l ) of equal rotary arul orbital velocity is given by the 
equation 
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The limit at which the equatorial velocity of stationary motion would 


give *l is 
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r riie limit at wliich the equatorial velocity of stationary motion would 
give as deduced from (10) and (12), is 

[l]=p k *-b*r 0 13. 

The limit of a homogeneous, clastic, adheres! atmosphere which would 
propagate undulations with ihe velocity of light, is 


M rsr 
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382. Vi Hal Centres of Oscillation> 


Tin* virials of rotating tendency must influence grosser inert particles or 
masses, as well as the aUliereal atmosphere. Loci of important oscillatory 
influence may he found at radii of mean a>tlu;real momentum (« ), of 
linear oscillation (oj ,), of reciprocal linear oscillation ), of spherical os- 
cillation < /> ( v, ), and of reciprocal spherical oscillation y 'Faking as 
th<* common v irial locus of these several oscillating tendencies, we have. 
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All of these forms of action and reaction must bo called into play by 
solar and stellar radiation, and they should all he studied in investiga¬ 
ting the maintenance of cosmical energy. 

883. Maintained Vibrations. 

Lord Rayleigh (Chit, Mag ., April, 1883) discusses a vibrating system 
which is subject to dissipative forces, and the necessity, when the vibra¬ 
tions are maintained, that the vibrat ing body should he in connection with a 
source of energy. Jn the usual equation. 

(P0 do 

_ -f r r + n 0 = 0 20 . 


dv 


dt 
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two principal classes of maintained vibrations may be distinguished; 
the mom ex tensive class being tlml, in which the magnitude arul phase of 
the sustaining force depend in an approximately constant manner, upon the 
amplitude and phase of the vibration itself. Hie only case in which, ac¬ 
cording to (20), a steady vibration is possible, is when the complete 
value of a* is zero. If any portion of the energy of cosmieal masses is dis¬ 
sipated, jethereal energy must be proportionately increased. The irUier 
accordingly becomes a “source of energy,” and although we are not yet 
able to see fully how the connection of this source with solar radiations is 
kept up, the equivalence of to v (Note 1.521) shows that it is kc pt up, 
through cyclical actions which cover a period of about 12;,' days. 

384. Virials of Wave Propagation. 

It has often been tacitly assumed that there is no actual radial oscillation 
in luminous radiation, like that of the atmospheric particles in the propaga¬ 
tion of sound waves. In 1S72 (Proc. Arner. I'/ul. fioc., \ii, 391) I showed 
that the secondary centre of oscillation, on returning from the centre of 
linear oscillation towards tin; linear centre, is at {j of the extreme excur¬ 
sion. Hence the tangential virial ol an oscillating {ethereal particle (/'«), 
is •-[ of the radial virial of 1 he same particle More than five years after¬ 

wards {Phil. Mag. [5], iii, 453 ; i\ r , 209), Maxwell stated that the ratio of 
the virial velocity is |/ 9, hut he gave no reason tor his inference ami none 
has yet been found among his unpublished papers. 11 is statement, and 
mine a re substantially blent ical, I he only dillcrencc being t hat he looked to 
the relative mean momentum of the oscillating particles, while 1 looked to 
their relative virials. 
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385. Time^ Relations of Inertia, 


The question of instantaneous action is still, and probably will long con¬ 
tinue to be, a mooted one. 'The most impressive form in which it has ever 
been presented, is Laplace's statement that gravitating action requires A 
velocity which is more than 100,090,000 t imes as great as the velocity of light, 
and that it may be assumed to be absolutely instantaneous at all distances. 
Tt is sometimes said that inertia is instantaneously overcome. This may, 
perhaps, be true in some sense, but wo cannot; know that it is so, until wo 
know more than we have yet learned about the wav in which velocity is 

%) • V 

transferred from one body to another. In general physical investigations 
the element of time, usually in the form of time integrals, requires consid¬ 
eration whenever there is any change of motion. 

386. Correlation of Virials, 

Questions of kinetic unity and correlation art) greatly complicated by 
differences of inertia and by the lack of generally recognized standards of 
comparison. If a,11 forms ot force are transmitted through tv the real interven 
I ion, all virials should ho capable of representation in terms ol adhereal 
mass and velocity. The velocity ot' luminous undulation then becomes a 
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natural standard of velocity. Whenever velocity is imparted or destroyed 
b\ gradual accelerations or retardations (/), a time can always " found 
■which will give the equation 

= H 

By coordinating the times which are required by this equation in differ* 

ent forms of energy, the evident s of primitive kinetic unity may ho mul¬ 
tiplied indefinitely. 

387. A Natural Unit of Tune . 

Errors of measurement which are of any specific magnitude, increase 
in relative importance inversely as the magnitude which is measured. An 
error of .0001 inch in any of the dimensions of a microscopic object would 
be ver> serious, but in an object which is a foot or more in length it would 
be insignificant. It is desirable, therefore, in studying kinetic unity, to 
begin with phenomena which involve kinetic maxima. The most far- 
reaching acceleration of which wo can make measurements, is that of 
gra\ itation, and the greatest, gravitating acceleration of which we have any 
direct knowledge (#„) is found at Sun’s surface. Substituting in ( ) w e 

have 

ft = <7</o — pHHHH 

Therefore, Laplace's principle of periodicity (Note 333), the collateral 
hypotheses ol various investigators (Note. 278), the fourth virial postulate 
(Note 377), the considerations which make v A a natural unit of velocity 
(Note 380), as well as many other correlations of photodynamic and general 
cyclical energy, point to the time of solar rotary oscillation as a natural unit 
of time. 


OO 
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388. Virial Transfers. 


An energy which is wholly transferred from one jcthereal mass to 
another equivalent {ethereal muss, must, be accompanied by a like transfer 
of velocity, whether the transfer is in the form of potential ('\,). work (>;„), 
gravitation (o ), torsion (r s ), electricity (>\ ), rotation (/^), revolution (r r/ ), 
heat (r„), chemical aflinit.y (>; K ), or luminous undulation (r A ). We have, 
therefore. For limit in is velocities when all tlm units are homologous, 
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In cyclical movements which arc due to virial I ran I err*, these several 
equivalents tuny be indicated by equations which are based on the third and 
fourth postulates (Note 377) and which are analogous to (3). 


380. Cardinal Limits . 

In seeking further numerical verifications of the foregoing virial oqua 
lions, we find the photodynamic limiting radius of orbital and jet .boreal ten 
dencics (10) by substituting ((5) and (8). 
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088.05*1 r, - 3.212054/, 
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Substituting (25) in (11). wc get for Laplace’s limit 

l = 30.366?* 
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The substitution of (25) in (12) gives 

> / ^ / v» * 

p x 7 T = 219.801 r (t = 1.0220/; 

' A 0 i 3 

If once by (Hi), we find (or the locus of v ^ in solar rotation, 


: 15108H.lv 


70'l.508/) :l 


(» 




^ • 


And tin; solar modulus of light. (I I) is 

M (74067.3 r = 22i:;.$9 /-, 


on 


200. Influence of 8yuchTonous Undidl and Tatiejentinl Virials . 

The theoretical variation of rethereal density within the limits of our 
planetary system (Note 210) is so slight that the several vector radii may 
he considered us indicative of virial projection against a resistance which 
is nearly uniform. The radial and tangential virials (Note 28-1) being syn 
chronous, we may with reason look for cosmical evidences of the syn 
chronism. Accordingly we find, from (21) and (25), the following regular 
series of approximations to planetary loci. The subscripts, 1, 2, 2, denote, 
respectively, secular perihelion, mean, secular aphelion. 


1- 8 V P 

= •8000,,. 

/ a 

Mercury! • 

= *25)74,,. 

» *5 

20 . 


= *5500/; 3 

Venus! 

- 1 ) 1 iv iw/; 3 

21 . 

1 - 8 “* ,, A 

=2 * 001 ( 1 /; 3 

Earth., 

= 1 * 0000 ,,. 

1 «1 

22 . 

1 - 8~ 1 p 
f A 

= 1*7848,,, 

/ «) 

Mars 3 

= 1-7305,, 3 

33. 

1 - 8 " ,, 

1 A 

= 3 *81.27/, a 

Asteroid 108 

= 2 * 2120 /; 3 

34. 

1 ‘8 1 /; 

• A 

= 5-7828,,. 

* < * 

.1 upitcr a 

= 6-511)8/, 

35. 

1-82 t\ 

= 10-405)0,. 

/ % ,1 

Sal urn* 

. = 10*3433/, 3 

30. 

1 - 8 S p 
* \ 

1 O ,i7*hlO 
“ In (0[)An, 

1 i > 

IJ ran us,, 

mk 

ID 1820/; 

1 t F 
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1 O // 

* \ 

•>•> 70V) 

—- •)»> i ^ n „ 

1 t J 

Neptune :) 

= 80 *4 000 /; 3 

38. 

A 

Ccom’l Mean 

r: 

O* 

0* 

ii 

Geom’l Mean 

= 8 - 2200 /, 3 

3D. 

All of those approximations 

represent loci ol 

f belt-condensation, 

for the 


respective planets, which arc in accordance with the nebular hypothesis. 
The geometrical means differ by less than j of one per cent. The photo¬ 
dynamic mean represents the semi-axis major ol Asteroid I os • the 
planetary mean, the semi axis major of Asteroid 122. 'The second 
photodynamic locus (‘5502,, .) is, within less than one per cent., the 
arithmetical mean between the semi-axes major of Mercury and Venus 
(*5552). 

21)t. Photodynamic Centre of Various Oscillations, 

The common virial locus (Note 282) of mean momentum, linear oscilla¬ 
tion, spherical oscillation, and reciprocal oscillations, gives the lollowing 
planetary approximations by (15), (Id), (17), (18), (ID) and (2a) : 
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(r4253o. 

Cardinal centre 

— 6.4451 

10. 

Up “ 

4 -81 DO/;,, 

Jupiter, 

= 4‘8803/1,, 

I ** 

41. 

1 A 

Py — 

D 0380/;, 

1 •* 

Saturn, 

= 0*5380/;, 


= 

8*0318//., 

.4 1 ranuSj, 

= 8‘27l7// 3 

T»h 

i i 

P'S = 

V d 

J upiter, 

= 5*2028/>3 

44 • 

A r. Mean 

0 '85 iVT/i ;1 

Ar. Mean 

= 6*8(500;). 

i 3 

45. 

Go. Mean 

(W>325/g, 

Ge. Mean 

= 0 0121/1., 

46. 
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It will be scon from (13) that the second locus of spherical rotary projection 
from d A) (2*5 X 2*5o A ~ r 20*0795/+, is within the secular orbital range 
of Uranus. The cardinal centre (40) is t he centre of gravity, at conjnnc 
lion, of Saturn, and Jupiter,. It represents, therefore!, the locus of mean 
rotary momentum for their combined masses, at the time, of Jupiter's in 
cipient rupturing subsidence, according to llorschol’s modification of the 
nebular hypothesis. 

392. Farther Relations of the Cardinal Centre. 

The cardinal centre, which introduces the series in the foregoing note, 
also represents important relations to the following additional virial loci 


PC 

= -r* I'm 

= 9.2443 

47. 

Py 

— 1'm n -h I'm 

= 7 5228/)., 

48. 

P6 

-z ^ (Sat.urn 2 + Jupiter,,) 

= 7*5291 ft. 

1 (I 

49. 

pi 

= £ (0*4451 + 8*2717) 

11 

• 
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w ir 

Ji 

~--v 

GO. 

Ptt 

— £ Noptune a 

;= 7-5084/,, 

51. 


The locus of mean planetary nebular inertia (17) is in Saturn's orbit, 
where the rings, the satellite* system and the specific gravity hear witness 

S — 

to the results of nebular condensation. The locus of mean planetary 
nebular momentum (18) approximates closely to the arithmetical mean 
between Saturn,, and Jupiter, (49), to the arithmetical mean between the 
cardinal centre and the incipient x iri.il locus of spherical rotation for 

l mus (50 and to th trial locus for the mean linear momentum of Nep 

tune’s semi axis major (51). 

393. Primitive Virial Influence on Mass . 

The virial radius of mean momentum not only determines the centre of 
gravity of the two chief planetary masses (15), (40), but it. also determines 

Hie relative m:i of San (w 0 ) and Jupiter (?%) at Initial nebular rupture 

(secular perihelion). We find, accordingly, 

m„r a — mji ,„, 52. 

Stork well's estimate of Jupiter’s secular eccentricity is *000N27i. This 
gives -939172(5 X 5 202798 X 214*45 — 1047*872r o . Therefore (52) : 

m n = 1047.872 m & 53. 

u « 

Bessel’s estimate is 1047*879. This harmony is the more significant be- 
cause Jupiter’s nebular locus of incipient rupture (1*88153) is central be¬ 
tween the loci of incipient subsidence of Uranus (20 0792) and Neptune 
(30*4090) at opposition. 


1 - i! (^7’S ~ P&&) 


54. 


394. Successive Orders of Photodynamic Influence . 

While Jupiter traverses the primitive nebular centre, Barth traverses the 
centre of the belt of greatest condensation. 
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Slock well’s estimates for the secular limits ol the dense hell. (Mercury j 
and Mara,) arc, = -2074 ; p vt 1 '73(55. This gives for (55) 1-01(59 

W l,ich is nearly 1 of the. mean proportional (27) between Sim's radius 

4 l 

(r„) and ihe solar modulus of light (20). These successive indications of 
virial influence upon Saturn and Jupiter ( Id), Sun and Jupitci (<>,»), 
Uranus and Neptune (51), and the relative positions of the dense planets, 

are full of suggestive interest. 


805. 
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While; the rotation of the chief nueleal centre (Sun) is determined hy 
the velocity of light ( 8 ), the rotations of the secondary centres of nebulos¬ 
ity (Jupiter) and condensation (Karth) are determined, icspectively, hy 
circular orbital velocities at Sun s surlaeo [tf 0 | and at the mean < c nI i< of 
gravity of Sun and Jupiter [® a l» 


!/ J,i - ld\> I ’ l/00*0 
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56. 

57. 


The data for the solution of (57) have been more accurately and satis¬ 
factorily determined than for (56). 


32*088 


86164*08 Q(U 

,,t v = 201 *821 miles 

!hh — r o8l) 2 
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Circular orbital velocity varying inversely as \ f we 11 ml («>2), (o3), 
(57), (58) 

(j f — [»J = -r* /.0301726 = 270*167 miles 50. 

[ = [?;J f2 14*45 = 18440 miles 60. 

1 (all’s estimate of the period of Jupiter s lotation (0* ,>a lu 26 .»>) gi\es 

r = 4 h 57 m 43.25 = 17863.25 seconds 61. 

1 5 

Substituting this value in (50) we find 

(j . s 70*850 ft. = 

Hence, by ( 53 ) and (60) 

m h = 315*38 m 3 
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63. 

64. 

05. 


« 6 — "S 

Different estimates of Jupiter’s mean apparent semi-diameter give 
values for r ft ranging between l 0 * 8/* 3 and 11 *5 ?3 

307. Sun’s Muss and Distance. 

Kart h’s gravitating acceleration and its orbital velocity (00) being K now n, 
we hav<; all the d u;a which are needed for cstini ding Sun’s relative m iss 

and mean distance. 


o_ 


/>8 = 31,558,140 \r, | * 
r lt —p s : 214*15 ~ 432,090 miles 


03,062,000 miles 00 . 
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At Earth’s surface, 1 <jr 1*9073. It varies as ^/ • Therefore (f*0) 


m n ?n a 


: : 18*449* : 4-9073 s 08. 

f* 3 *3 

vi n : : : 300182 : 1 69 . 

All of the results which have been ilrawn from (3), (50), and (57) in- 
volvc the principle of persistently of vibrations, by which waves tend to 
propagate themselves indefinitely, with the velocity which is due to their 
locus of origination. 

398. Mamet of Earth and Venus, 

The influence of Jupiter’s locus of incipient; subsidence on the com¬ 
parative masses of Jupiter and Saturn, finds some analogy in the two 
chief planets of the dense belt, Earth and Venus. 

Substituting SioekweU’s estimate of the secular aphelion of Venus 
(to, m *774423 L/ ,) in (69), (70). 


m 




n 


120750m 


r 




l. 


Mill’s estimate is 127240, which differs from (71) by less than 3 of one 
per cent. The combined virial estimate of Earth’s relative mass (09) 

differs from the purely oscillatory estimate (Note 23) by less than ’ of one 

*" ■' • 14 . 

per cent. 
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In order f.o test the numerical accuracy of the general equation of 
kinetic-velocities (24) wit may begin with the consideration of potential 
energy, which has been largely treated in thermodynamics. Gravitating 
potential is usually measured hy the height of possible fall, or of virtual 
fa,11, since the heights which are considered are commonly so small that 
the variation of g is insigni(leant. The time of fall (£«)» or the velocity 
which would be communicated by tlu* fall («*)• might be taken with equal 
propriety as the basis of measurement and comparison. Ttiecosmical deter¬ 
mination of Joule’s equivalent ( Proc. Am. Phil. xix, 20), shows the 
importance and advantage of adopting fundamental units which can be 
readily employed in the greatest possible variety of directions. 

The general equation fundamental velocity (24) rests on Laplace's 

principle of periodicity, “ that the state of a system of bodies becomes 
periodic when the effort of primitive conditions of movement has disap¬ 
peared by the action of resistances.” Ilencc (3), (8). 
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= Tl 


rro 
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Moreover, the natural standards of time, gravitating acceleration, dis¬ 
tance, oscillation and undulatory velocity which are indicated hy the solar 
periodic ity of synchronous rotation and evolution at Laplace's limit, solar 
superficial attraction, Sim’s semidiameter, and luminous radiation, obvi¬ 
ously give the following further equality : 
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73. 









































i m. i 


120 


[< 11 'ISO. 


100. Completion of Correlation. 

In Coulomb's formula of torsional elasticity (Note 102), if we substitute. 


m 


o 


for/, fjt- M (20) au.il 


Of 


v 


71. 


A — v 6 

The investigations of Weber, Ivohlrausch, Thomson, Maxwell, Ayr- 

If 

ti>n, and Perry have shown tlml, 


®A = ®e 


i Oi 


Notes 10, 90-3, 07 give various ways of coordinating chemical and cos 
mical actions with luminous undulation, so as to get the equation 


76, 
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In throwing a ball into the air, the thermal equivalent of projectile force 
is equivalent to the product of the mass by the sum of the retarding resist¬ 
ances. Fn solar superficial radiation, the g> •avitating reaction is exhausted 
in a half rotation. By a simple extension of these principles we have do 
dured equations 73-6, which, when combined, give a complete practical 
verification of t he general kinetic correlation (24), 

401. Vhyllotaxy and Harmony of Absorption Bands. 

Bangley's observations with the spedro-bolometer, at Allegheny Obser¬ 
vatory and on the summit of Ml. Whitney, show four remarkable absorp¬ 
tion bands in the infra, red portion of the solar speetrum, at 0.1*91, l.M I, 
1.^37 and I.m- 83. 'Those wave-lengths are very nearly proportional to the 
numbers’!, 5, 6, 8, as is shown by the following table : 



Harmon Ic. 


Observed, 

a 

•92 


•94 

>•* 

P 

1 *15 


1*14 

/ 

1 *38 


1*37 

w 

o 

1 -84 


1*88 

They give, therefore, 

Ilie following 

% 

phyllotact ic 

approximations : 

a : ,1 — Z X | ; a : /' 

- r. , a o — A ; 

• 1 * ' 

.o . . js _ 5 

p • 0 — g« 

The pbyllotaotio 

harmony is modified by an 

approximate repetition of the 

harmonic ratio 


! him ion ir. 


Observed. 

a 0 

95 


.94 

jO 

p<> 

114 


1.14 

r° 

130.8 


1.37 


We thus find, wherever we look, abundant evidence, not only of pri 
mary harmonic influence, but also of secondary and subordinate modifica¬ 
tions which need to be carefully studied in connection with virial re¬ 
sea relies. 

402. Consequences of li'evveV & Law . 

I lie science ol Meteorology may, for many good reasons, be regarded as 
a peculiarly American science. William Ferret's discussion of the motion 
<4 fluids and solids relative to the Earth's surface, which was first published 
in the summer of 1856, placed the laws of eyclonism and antieylonism on 
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a solid mathematical basis. He showed that, In the uorih era hemlspheri 
all moving bodioB are constantly subjected, in consequence of t he ISarth’s 
rotation, to a deflection towards the right hand. Hence all atmospheric 
surface currents which arc mainly governed by a downward pressure, tend 
to curve in the direction of the hands of a watch, or successively t hrough 
north, east, south, west. All surface currents which are mainly governed 
by an upward pressure, tend to llow in ail opposite direction, or through 
north, west, south, east.* The heavy winds arc called antieyclonie ; the 
light winds, cyclonic. 

There can he no descending currents in one place without, ascending 
currents in another; therefore, in every atmospheric disturbance, there 

must he simultaneous cyclonic and antieyclonie winds. Such disturb 
ances originate either in an unusual cooling and condensation, or in an unus¬ 
ual henling and expansion of air. in the former case the inflow, in the 

upper regions of th< atmosphere, will produce an increased pressure. In 
the latter, the outflow will produce a diminution of pressure in the 

restoration of equilibrium, currents ol warm air are. often brought into 
contact with colder currents. II the currents are both saturated with 
moisture, or if they contain more vapor than can be retained under the 
temperature of the mixed currents, precipitation takes place 1 , in the form 
ot ruin, hail, or snow. This |• i clpltatiou reduces the wright, of the at 
mospheric column and the barometer tails. Accordingly, there is a con¬ 
stantly increasing tendency to cyclonism about, storm centres, and there 
has been a very prevalent disposition to look upon all storms as ol cy¬ 
clonic origin. 

A little relied,ion, however, will show that tin; initial mixture ol cur¬ 
rents may he due to either of the causes above mentioned ; cither to the 
flow of warmer air into a cold depression at the top ot the atmosphere, or 
to a flow of cold air, at the earth’s surface., towards a region of low ham- 
metric pressure. In the former case, the initial superficial currents are do 
termined hy a downward pressure, and t hey are, therefore, antieyclonie ; in 
the hitter they are determined by an upward pressure and are cyclonic. 

A careful study of the weather maps shows that the heaviest, rains and 
snows occur in advance of the centres of low barometric pressure, or in 
the rear of tlic centres of high barometric pressure. If storms began in 
the cvclonic currents, the reverse should he true ; the greatest effect fob 

i/ " v 

lowing the low centre and preceding the high centre. 

The frequent failures of forecast during the past winter, seem to have 
been mainly due to a misinterpretation <>r a misconception <>i these foots, 
to which the writer first called attention in 1871. 
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d. 
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Loomis’s discussions (Note HOT) show the need of watching the develop- 
ment, of storms at all stages, from the first indications of atmospheric 

*Thi< will !»<■ evident, if we imagine ourselves to be lying in the current anil 
facing the direction towards which the pressure tends. 
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disturbance, until the restoration of fair weather. The limit between 
anticyclonie and cyclonic tendencies, may be approximately assumed 
to be midway between the centres of high and low barometric pres¬ 
sure. All cloudiness or precipitation between I ho limit and the high 
centre, represents anticyclonie inlluence ; all between the limit and the low 
centre represents cyclonic intlucncc. Local cyclonism sets in soon after 
precipitation begins, and the anticyclonie inlluence is thus partially hid 
den ; but a critical examination oft he weather maps will show that the pro 
vaiiing currents of the region often continue to be anticyclonie until the 
rain or snow is nearly, or quite over. The evidences of storm breeding 
and stormy antieyclonism will be still more striking, if the changes of 
barometric pressure are studied in connection with the beginnings and 
subsequent growth of cirrus, cumulus, and nimbus clouds, as well as with 
the rainfall and the final breaking up of cloudiness. There are good rea¬ 
sons for believing t hat such study, systematically and thoroughly con tin 
nod under the direction and with the facilities of the Signal Service 
'bureau, would raise the successful verifications of the Washington forecasts 
to n,n average of at least ninetv-live per cent.. 

404. Pressure of Worm, Air. 

I)r. Kbppon, in discussing Ley’s work on the winds prevailing in West¬ 
ern Europe, announces four new theorems (.(////. hi/dr. vmi magnet, 
mar It. meteor,, 18K2 ; cited by Srieo.ee, L. The air currents deviate 

from the isobars towards the side of the lower pressure in the lower 
atmosphere, and of the higher pressure in the upper atmosphere. 2. An ex¬ 
cess of pressure exists upon the side of the warmer air-columns, b. The 
depressions advance approximately in the direction of the air-current 
which has a preponderance of accumulated energy. L The state of mo¬ 
tion of a certain mean layer, of which the height is still to be determined, 
can in general be substituted for the onward movement of the vortex. A 
systematic comparison of these propositions with observations and with 
Hlasius’s discussion of aerial currents (Storms, chapter iii), may contrib¬ 
ute towards a fuller knowledge of stormy antieyclonism. it will also be 
interesting and instructive to sec how readily Koppcn’s theorems can be 
deduced from Ferrers laws. 


405. Solar-Haro metric Virials. 

The first physical paper which I communicated to the American Philo¬ 
sophical Society (Proc. A. P. S. t ix., 28U-S) was based on virial considcra 
tions, but the discussions of Clausius had not prepared the way for their 
general acceptance. Accordingly, the method of treatment, was so new, t hat 
many persons looked upon the results merely as curious and, perhaps, ac¬ 
cidental coincidences. The foregoing relations of virial influence to time 

of rotary oscillation enable us to reach the same results in a more sim¬ 
ple way. 

The mean barometric fluctuations, both daily and annual, may be re- 
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garded ns functions of time, mass anti distance. The mean daily disturbances 
lake place at r„ -: 3062.8 miles from the virial centre; the mean annual 
disturbances at -■ ■ Barth’s semi-axis major from tlieir virial centre. 1 he 
disturbed atmospheric mass and the equilibrating value <>f <J are the same 

in both cases. The virtual potential of daily rotation is { X 80KM.08* = 

22,559.500.75 miles. Gen. Sabine’s means of five years’ observations at 
St. Helena, show a daily barometric range of .007 in., and an annual 
range of .105 in. (see Proe. Am. Phil. Soc 075, foot-note). The geo¬ 
graphies,!, magnetic and climatic situation <d St. Helena is such as to give 
1 he following simple harmonic approximation for p. A (Note 07/ ; 5). 

.O07 a : 135 2 : : 22,550,593.75 : 91,590,200 miles. 

406. Encke's Comet. 

Dr. O Backluml (Copernicus, Feb. 1883; cited in Science, 531), says 
that “ the investigations hitherto made of the. theory of Bucko s comet 
really prove nothing as to the existence of a resisting medium in space. 

Even If we should succeed by such an hypothesis to explain sufficiently the 

increase of the mean motion and the decrease of tin*, eccentricity during the 

period 1819-4! a simple hypothesis like this will not the same time snf 

lice for the motion of flic comet after 18bo, a-s the variation of the mean 
movement after that time has most probably become different. Not until 
the period 1805-81, and its connection with the earlier one have been fully 
discussed, will it perhaps become possible to find indications of the 
nature of the unknown forces which act on the comet.” If an :c the real 
medium is set in vibration by the passage of comets or other cosmical bodies, 
thriv will he, as in the case of tidal disturbances! both accelerating and n 
tarding influences. We must know more than we now do, of the nature 
( ,f the medium as well as of the laws of elasticity, before it will he safe to 
dogmatize about a resisting medium or about the s<*« <>ihI law of thermody¬ 
namics. The equality of ad ion ami r Ctfam may, perhaps. Set limits both 

to nudeal condensation and to&there&l expansion* the two limits being op* 

posife phases of cyclical changes which all matter is always undergoing. 

The unity.of energy which is indicated by nitliereal relations of mass and 

* ♦ 

velocity (Notes 388, *100). gives great likelihood to this hypothesis. 

407. Sound-Spectra. 

Frazer’s “ Examination of the phonograph record under the micro¬ 
scope ” (Jour, of the Franklin hist., lxxv, 348; Proe. Am. Phil. Soc., xiii, 
521), showed that each of the alphabetic sounds has a special combination 
of vibrations, which may be visibly impressed upon a metallic sheet. The 
harmonic correspondence between the wave-lengths of musical notes 
and those of the principal lines in the visible spectrum (Proe. Am. Phil. 
,sw., xiii. 1 10 i, increases the probability that there, may beam unbroken sera 

of waves, from the lowest audible sound to the highest actinic Impulse* 

Mayer’s experiments with the antennse of mosquitos and Langley’s oh- 
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servations of absorption bands (Nolo ‘101), approximate the gamuts of light 
and sound and suggest the desirableness of some more sensitive method 
for recording audible waves and interferences than is furnished by the 
phonograph. The radial virials of light, and the tangential virials of sound 

(Note 890) furnish a field for research which is almost wholly unexplored. 

In view of the wonderful advance of spectral photography during the last 
decade, we may venture to hope that the record may sometime he extended 
so as to include the interferences of sound-waves. 

408. Investigators of Spectral Harmony. 

The earliest indications of harmony in spectral lines of which I have 
found any record, were given by Prof. Gustavus llinrichs, in the Arneri 
can Journal of Science for 1864 (vol. xxxviii, p. 31, scq). In the Comptes 
Rendus of the French Academy, for 1861) and 1870, Leeoq de Koisbau- 
dran published several harmonies of a character analogous to lliosc of 
llinrichs, his first paper being deemed of so much importance that the 
Academy allowed its insertion without abridgment, although it exceeded 
the statutory length. He referred to a communication of Maseart, on the 
same subject, in August, 18(58, and also to a pU cachelS of his own which 
was deposited in the archives of’ the Academy in 18(55. O. Johnstone 
8t,oney ( liept . Brit. Assoc ., 1870; Proc. lloy. Irish Acad., 1871 ; P. Mag., 
1871) and J. L. Sorot (Bib. Universelle , Sept. 15, 1871, cited in I\ Mag., 
1871, xlii, 401) seem to have been next on the list. My own investiga¬ 
tions began in 1.804, with the study of "oscillations moving with the ve¬ 
locity of light” (Proc. Am Phil. Soc., ix., 108), but my first indications ol 
harmonic wave-lengths were not published until 1873 (//>., xiii, 150). 
Guided by a conviction of the physical necessity that all jcthereal undula¬ 
tions must be harmonic, I have been hid into the discovery of a great 
variety of spectral and other coordinated harmonies. 

409. Velocity of Wave h'opagaHon. 

As there lias been some misapprehension with regard to my deduction 
of the relation between the mean velocity of oscillating ait, lie real particles 
and the velocity of wave propagation (Note 384), it may he well to explain 
the ground on which it rests. In considering the "uniform wave ofoscil 
latlon,” in a star which is rotating under the condition that gj 0 = r A 
(Note 379), the vis viva of a revolving particle at l (Note 381), is <)• as great 
as them viva, of the same particle from the indefinite fall* which has produc¬ 
ed central condensation. I is viva varies as distance of possible projection 
against uniform resistance ; therefore l and ,j l may he taken, respectively, 
as the measures of the virials of indefinite and of virtual fall. Hence arises 
a tendency to the formation of an oscillatory node at £ l, together with a 
tendency to the radial projection of the node, in the equatorial plane, by 

•This is rigidly true only when the fall is infinite, but* In falling l roiu Neptune 
to Sun the deviation from exactness would he less than i * ;> s ol one percent. 
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the centrifugal force of rotation. Tlie direct and reciprocal centres of 
linear oscillation, at X l and .< /, tend to throw the node at \ l from or to¬ 
ward the centre. The reciprocal centre, } K /, is pivotal in respect to the 

* 

direct, centre, rj l, t hus producing a secondary centre of linear oscillation 
at f; /. This indicates the relative vis viva of radial projection which cor¬ 
responds to an oscillatory tangential ns mm of l. The corresponding rela ¬ 
tive velocity is ]/$-. 

410. Propagation of Explosive Wares. 

licit helot, and Vieille (Ann. de ('him. el de Phys xxviii, 292) give tin*. 

equation d x - a, \ ^ in which (.) is lilt 1 , amount of heat set free; at the 

v S 

moment of chemical combination ; q, 27-5 times the specific heat; (l lt the 
velocity of explosive translation of gaseous molecules ; y itt the velocity of 
mean translation after the explosive wave has ceased to exert any influence. 
They have verified the formula approximately, for a score of gaseous 
mixtures of very various compositions. 'They think that in the act of ex 
plosion a certain number of molecules are thrown forward with all the 
velocity corresponding to the maximum temperature developed by the 
chemical combination ; this movement is transmitted from one inflamed 
edge to another, in a wave which is propagated with a velocity either 
identical, or comparable, to that of the molecules themselves. 


Introduction to a • Study of the North- American Nod aider. By A. Ii. 

Grate. A„ M. 


{ Head before the American Philosophical Society, dime /o', iSSd.) 

In my “List of the NoctuidaB, ” 1874, the “(heck Lists” of 1870 and 
1882, my " Illustrated Essay” and a number of different papers, I have 
explained the characters of Noduida, a family of moths of nocturnal 
habit and of very general distribution. 'These structural features, which 
are used in establishing genera and other divisions are briefly summarized 
as follows, taking the three divisions of the body in turn : 

I. The Head: character arid structure of tin 1 , compound eyes, which are 
either full or ovate, small, large, or more or less constricted, and have their 
surface naked or studded with hair, and the orbits sometimes provided with 
longer hair, dependent over the eye and called lashes ; the character and 
structure of the clypeus or front, between the eyes, which is swollen or 
flat and sometimes provided with a tubercle, <»r horns of various shapes 
ami sizes, or a depression , the presence of ocelli ; the shape and size of palpi 
and tongue ; the vestiture of the different parts. 

















